The Catering takeaway provides fast and convenient services for people, while increasing the security cost of community or commercial buildings, and even brings uncertain security risks. Applying robots to distribution is the key to solving the problem of "last mile" in takeaway distribution. Based on this, a kind of intelligent takeoff robot based on the Internet of things is proposed, which simplifies the process of taking food and improves the efficiency of feeding, and uses Matlab software to design and simulate the trajectory of the robot.
Introduction
In view of the people's attention to their own security and privacy, many office buildings, residential areas, and school security systems are strictly regulated by the security system. Many only allow the takeout to be sent to the first floor and not to be allowed to go upstairs. In this case, the user can only go downstairs to pick up the meal, or the takeaway staff is not familiar with the route, plus the peak of meal, which may lead to the overtime of the meal. This will greatly reduce the service experience. So the idea of this article is to apply the robot to the service of the meal delivery [1] , and let the robot take the place of the takeaway to solve the problem of "the last kilometer" of the immediate distribution.
Intelligent Food Delivery Robot
The intelligent robot in this paper is suitable for the distribution service in the office building, which is composed of route induction and navigation module, wo-dimensional code recognition module, ZigBee communication and transmission module, 4G mobile communication module and subsidiary structure. The work process is for the takeaway to scan the two-dimensional code of the robot on a robot's two-dimensional code identification system to put the two dimensional code into the robot's food storage area [2] , and then the takeaway robot navigated the route by planning a best path based on the floor of the dining person. Before entering the elevator, the ZigBee communication system on the robot communicates with the ZigBee communication system inside the building, making the elevator complete the elevator door opening, setting the floor of the arrival and so on. After that, the robot runs to the designated position, pushes short messages through the 4G mobile communication network to the user's mobile phone, and notifies the user to scan the meal by the client's two-dimensional code in the specified position. After the meal is completed, the robot redesigns the route back to the charging room on the first floor, automatically recharges and waits for second wake-up calls, as shown in Fig.1 . 
Two Dimensional Code Recognition Module
In the entire operation process, the robot needs two times two-dimensional code recognition technology. One is to identify the two dimensional code of the takeout staff, which stores the user's contact mode, the feeding address and other personal information. After the recognition is completed, the robot records it and opens the food incubator; two is to identify the two-dimensional code pushed by the user at the mobile end, and once the two-dimensional code is identified with the recorded two-dimensional code information, shown in Fig. 2 . Therefore, the incubator is automatically opened to complete the meal taking process [3] . 
ZigBee Communication Transmission Module
With the rapid development of Internet of things in China, ZigBee has been paid more and more attention. ZigBee communication technology is a two-way wireless communication technology [4] . Compared with Wi-Fi and Bluetooth, it pays more attention to low power consumption, short distance, low speed and open source. In addition, the ZigBee technology is easier to network and has a strong self-recovery ability. We need to make proper modifications to the building so that we can access the Internet of things through ZigBee networking mode. Before the intelligent takeaway robot enters the building elevator, its internal ZigBee module sends signals to the ZigBee module inside the building to open the elevator door. Then send out the signal to reach the floor so that the elevator stops at the target floor.
4G Mobile Communication Module
LTE (Long Term Evolution) is an improvement in 3G technology, so it is usually also called 3.9G technology, including two duplex mode [5] , including TDD (time division duplex) and FDD (frequency division duplex). LTE, which is called FDD, is called FDD-LTE, and its standardization and industrial development are preceded by TDD-LTE. The 4G mode used here is FDD-LTE.
Other Structures
Ancillary structures include food storage areas, power systems, etc. The takeout robot has 3 food storage areas. It has a thermal insulation function. It can serve 3 different users at one time and plan the route to improve the efficiency of the meal delivery. After each meal is completed, the robot will automatically return to the initial position to recharge, ensuring that there is enough power for the next meal.
Matlab Modeling
The most common kinematic model of a mobile robot is a wheeled vehicle. The four wheel vehicle is the prototype of an intelligent takeoff robot, and its equivalent is simplified to two wheels in the middle, that is a two wheel bicycle model. As shown in Fig. 3 , the gray part is the actual four wheels of the robot, and the yellow part is the equivalent two wheels. The rear wheel of its kinematic model is a driving wheel fixed on the car body; the front wheel is a steering wheel, which rotates around the horizontal axis and changes the direction of vehicle operation. The steering angle in the diagram is expressed in alpha, the length of the wheel base is D, the speed is V, the axis intersection of the front and rear wheels is the rotating instantaneous center, which is expressed in ICR, and the distance between the front wheel and the instantaneous center is R2. The distance between the rear wheel and the instantaneous center is R1. The body coordinate system is represented by {V}, and the world coordinate system is represented by {O}.)If the coordinate system {V} is used to indicate the position of the vehicle, then the direction of the vehicle is x axis, and the center of the rear wheel is the origin of the coordinates. The configuration of this vehicle can be represented by generalized coordinates p= (x, y, beta). It can be seen that the speed of the car is defined in the coordinate system {V} as the velocity V in the direction of the X axis, and the speed in the direction of the Y axis is 0, and the car wheel cannot be side shifted, so the speed in the coordinate system {V} can be expressed as the speed. ν x =v, ν y =0. According to the trigonometric function, the turning radius a d R tan / 2  , and d can be calculated as the length of the vehicle or wheel base. The steering angle depends on the mechanical structure. When 2 R has the minimum value, the β value can be maximized. When the steering angle is constant, the trajectory of the trolley is a circular arc. Because 2 1 R R  means that the front wheels travel more in the same time than the rear wheels, so it rotates faster than the rear wheels. If the car coordinate system is transformed into a world coordinate system, the motion equation of the car will be changed to [6] :
.This model is called a kinematic model of a mobile trolley robot. The rotation radius of the left and right wheels cause different rotational speeds.
Posture Change Model
It is represented by a set of coordinate axes on a graph. How to move a robot to a special pose ( * , * , * ) is the key to the study of robot motion. In order to control the robot's final posture conveniently, we first rewrite the car's motion equation into matrix form. 
(1) Among them, the linear control method is as follows: ν= , α= + (2) This will enable the robot to achieve the only equilibrium point, that is, (ρ, θ, γ)=(0, 0,). This design idea moves and move the robot along the straight line to the target point {H}, while the item is used to control the rotation of the robot, so that the gamma γ tends to 0. Its closed loop control system is as follows:
(3) When > 0, < 0, − > 0, the system remains stable. The distance and direction angle of the target point (ρ，θ) can be measured with a camera or a laser rangefinder. θ and the attitude angleβof the car can calculate the angle γ, in which the attitude angle β of the car can be measured with a compass [7] , shown in Fig. 4 . 
Simulink Model
In Matlab simulation, Simulink is modeled according to predetermined requirements by discrete sampling time, continuous sampling time or discrete and continuous sampling time. It is a quicker and easier way to operate, and the user can see the result of the system's simulation immediately.On the basis of the kinematic equation of the car, the turning angle limit module, the speed limit module and the acceleration limit module are added to prevent the robot car from malfunction due to the big turning angle, speed and acceleration, and the manual interrupt module can make the car manual stop under the special or urgent condition by manual control [8] .
Simulation Analysis

Trajectory Simulation of Position and Posture
The Simulink model of position and attitude controller of mobile robot is sl_drivepose. Among them, the target pose is represented by XG, and the initial pose is represented by x0. The first two bits of the pose coordinate represent the coordinates of the X-Y plane. The initial point coordinates are (3, 3) , the direction is x axis, the target point coordinates are (8, 8) , and the direction is also the X axis. The Matlab program code is as follows:>> sl_drivepose; >> xg = [8 8 0];>> x0 = [3 3 0];>> q= sim('sl_drivepose');>> y= q. find('yout');>>plot(y(:,1),y(:,2));If the path of the robot runs into a certain obstacle, we need to add a little bit in a free space, assuming that the direction is the positive direction of the Y axis and the coordinate is (7, 4) , which makes the robot by pass the obstacle point and reach the target point.
RRT Planner
RRT (fast search random tree) algorithm aims at calculating the function of the nearest node of the robot from the starting point P 0 to the random sampling point Prand. The map used in this paper is a simulated building plan, of which 0 represents white free space and 1 represents black obstacles [9] . The initial point is (700, 80) and the target point is (60600), which is shown in Fig. 5 . According to the RRT algorithm, we plan a robot's route to avoid obstacles, as shown in Fig. 6 . Among them, the red line is the planning path, and the blue line is the simulation attempt path shown in Fig. 7 . It can be seen that the path generated is not continuous and has many turns. Further Smoothing algorithm is needed to reduce the number of turns and get a shorter and smoother path. Fig7 shows that the black path is the smooth moving trajectory of the robot.
Summary
The essence of intelligent takeaway robot is also a kind of distribution robot, which solves the problem that people can't go downstairs to pick up meals because of inconvenience or lack of time. Intelligent takeaway robot can not only complete the distribution, but also add intelligent voice system, and provide counseling, navigation and other services. I believe that with the development of Internet of things, intelligent takeaway robot can play a greater role.
